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Abstract 
 
In the Gulf of Thailand, more than 4,000 wells have been drilled since the first 
exploratory well, Surat-1 was drilled in 1971. More than 30 oil and gas fields in the 
Gulf of Thailand have been discovered since the first discovery was made at the Erawan 
structure in 1972. Most discoveries are located in the Pattani Trough and are from 
Cenozoic succession. The Pattani Trough is a rift type-sedimentary basin and is 
approximately 200 kilometers long and 50 kilometers wide. The maximum thickness of 
the Cenozoic succession is more than 8,000 meters, and divided into five sedimentary 
units from Sequence 1 to Sequence 5 in ascending order. Two major unconformities 
were identified: one is called the Middle Cenozoic Unconformity (MCU) and the other 
is the Middle Miocene Unconformity (MMU). The former unconformity is located in 
the deeper part of the basin beyond the drilling depth of most wells. Therefore, there is 
almost no way to estimate the thickness of the MCU related erosion by well data, and 
the only way to estimate the erosional thickness is seismic data. On the other hand the 
latter unconformity was penetrated by almost all wells because of its shallow depth.  
Although it has been well understood in the Gulf of Thailand that the Middle 
Miocene Unconformity (MMU) is commonly observed in the offshore of South East 
Asia, the thickness of the MMU-related erosion and the tectonic significance of the 
MMU has not yet clearly been documented because the erosion surface is located in 
continental deposits of Sequence 4 in which key marker beds are poorly developed. 
Thus, this study intends to elucidate the magnitude of erosion, which formed as a 
response to the formation of the MMU, for the better understand of the evolution of a 
petroleum system in the Pattani Trough. I used log, core, and seismic data from 13 
major oil and gas fields in the Pattani Trough, and analyzed these data on the basis of 
reconstructed seismic sections and the “shale compaction trend” method proposed by 
Magara (1978) using sonic logs of 122 wells. The analyses enabled the present study to 
estimate the thickness of erosion to be minimum 200 to 300 m and 1,500 to 3,000 m 
based on the reconstructed seismic section and “shale compaction trend” method 
respectively.  
However, the large erosion thickness obtained by Magara method was too large to 
compare to that of reconstructed method and is not likely considering other geologic 
phenomena, such as tectonic movement, basin architecture, oil and field structure, 
lithology and so on. High velocity in Sequence 4 located immediately below the MMU 
may give apparent large erosion thickness by Magara method. Although the estimation 
of large erosional thickness by this methodology is controlled by the high sonic 
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velocities is not necessarily clear at this moment. One possible cause is the high 
formation temperature, which is very common in the South East Asia basins and 
appears to have promoted the transformation of smectite to illite in muddy deposits of 
Sequence 4. This type of transformation has been interpreted to cause higher sonic 
velocities in sedimentary successions as claimed by Bjorlykke (1999). 
Regardless of the overestimation of erosional thickness in Sequence 4 as a result of 
higher sonic velocities, the minimum erosional thickness of the MMU can be estimated 
at a range of 200 – 300 m based on the reconstructed seismic sections.  
As a result of this study erosion thickness of the MMU is estimated to be minimum 
200 to 300 m which is not as large as was initially expected using sonic logs. It has been 
shown during this study that the Magara method (1973) with use of sonic log to 
estimate erosion thickness is not suitable for the Pattani Trough due to high 
temperatures encountered. It is considered that the MMU was formed as a result of 
transgressive erosion rather than erosion at high mountains like Everest in the 
Himalayas. In terms of transgressive-to-regressive surface of erosion rather than a 
enormous subarerial erosion, which has been considered to document the uplift of the 
basin in response to the Himalayan orogeny. The development of the MMU may have 
been controlled much more by temporal variation in the monsoon-climate related 
sediment delivery from the Himalayan orogenic belt into the Gulf of Thailand rather 
than by the tectonic movement of the basin. 
Because of hydrocarbons are trapped in sandstones formed on the MMU in some part 
of area in the Pattani Trough, the geometry of the MMU controls distribution patterns of 
the reservoir sandstones and is crucial for additional exploration and exploitation in the 
mature basins like a Pattani Trough. In particular, the better understanding of the 
erosional process, which may have been responsible for the development of the MMU, 
is important for the refinement of basin modeling in the Pattani Trough. On the basis of 
the reinterpretation of the MMU by this present study will provide more clear picture on 
hydrocarbon distribution not only in the mature Pattani Trough but also the?
surrounding area.  
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1.  Introduction 
 
 
1.1  Purpose of this research 
 
In the Pattani Trough, Gulf of Thailand, oil and gas exploration began in 1971 with 
the first exploratory well, Surat-1, drilled by Conoco (presently ConocoPhillips) and 
Mitsui Oil Exploration Co., Ltd. (MOECO) in Block 10 offshore Thailand.. However, 
only oil and gas shows were found and the well was plugged and abandoned as dry hole. 
In 1972 gas and condensate was discovered by the 12-1 (Erawan-1) exploratory well 
drilled by Unocal (presently Chevron) and Seapec (later merged with MOECO) in Block 
12 and later commercial production was commenced in 1981 from the Erawan field. 
Since the first gas from Erawan field flowed into the pipeline, more than 30 oil and gas 
fields have been discovered in the Gulf of Thailand. At this moment (as of January 2012) 
daily production from the Pattani Trough is 60,000 barrels of oil, 50,000 barrels of 
condensate and 1,850 million cubic feet per day (420,000 bbl per day oil equivalent). 
Cumulative production as of end of February 2012 is 11 TCF (Trillion Cubic Feet) and 
640 million barrels of oil and condensate. 
The purpose of this research is to obtain an accurate erosion thickness of the Middle 
Miocene Unconformity (MMU) in the Pattani Trough, Offshore Thailand. This estimation 
of erosion thickness is required to understand hydrocarbon generation, expulsion, 
migration and trapping. Due to the highly faulted, complex geology more than 4,000 
wells have been drilled in the Pattani Trough since 1969 and the Pattani Trough is now 
considered mature in terms of oil and gas exploration. Future targets will be deep 
prospects and very shallow prospects located above the MMU as seen partially in the 
Satun field. 
 
1.2  Research area 
 
The research area is located approximately 300 km south of Bangkok, capital of 
Kingdom of Thailand, in the Gulf of Thailand as shown in Fig. 1. There are 13 oil and 
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gas fields with north to south trend, all of which are located in the Cenozoic sedimentary 
basin, the Pattani Trough. The research area covers approximately 20,000 sq. km (100 km 
x 200 km) which is almost same size of the Kanto area shown in Fig. 2. It would extend 
from almost the southern end of the Boso Peninsula in the south to Mito City in the north 
and from Odawara from the western end to around Choshi City in the east. 
 
1.3  Methodology  
 
Two steps were taken for this research:.  
Step 1 
Purpose of the Step 1 is to obtain erosion thickness of the MMU. Two approaches to 
estimate the erosion thickness of the Middle Miocene Unconformity are employed in this 
research to achieve the objective, namely i) a review of the reconstruction of structure 
from seismic and other data and ii) using sonic velocities obtained from wells.. 
Step 2 
Basin modeling was run to obtain a more precise understanding of hydrocarbon 
generation, migration and trapping mechanism based on the newly acquired burial history 
data during Step 1. A new or modified hydrocarbon concept will be established for the 
future exploration or exploitation for the unexplored Thailand and Cambodia 
Overlapping Area (TCOA) and the mature sedimentary basins, including the Pattani 
Trough, in the Gulf of Thailand. 
 
1.4  Data used 
 
For this research the data that was used are: 
Seismic section: 
- five E−W seismic sections and 
- one N−S seismic section  
 
Well data: 
- 1 well velocity data 
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- sonic log and other log data of 122 wells for shale compaction in 13 fields 
- 7 wells for mud log,  
- more than 200 well data for MMU and B37-6 marker contour maps 
- 2 wells for NGT (Natural Gamma Ray Tool) log. 
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2.  Tectonics of the South East Asia and the Pattani Trough 
 
 
South East Asia covering  Thailand (including the offshore Pattani Trough),, 
Indochina, Malaysia and western Indonesia consists of a Pre-Cenozoic continental core, 
the so called “Sundaland” as shown in Fig. 3. The oldest rocks found are the 
pre-Cambrian granite, Kontum Massif. Sundaland covers Myanmar in the west to Borneo 
in the east, an area of 5.6 million square kilometers and was formed during Cretaceous to 
Paleocene. Sundaland is composed of geologic assemblage of continents at the southern 
end of the East Eurasia which separated from Gondwana super continent during the 
Paleozoic to Cretaceous (Clements et.al, 2011).  Small scaled Paleozoic  continents 
departed from Gondowana continent and moved toward the Eurasia continent across the 
Paleo Thethys sea and collided with the Eurasia continent from the end of Paleozoic until 
the Mesozoic era. Sundaland was formed by the closing of the Tethys sea by Cimmerides 
or Indosinian orogeny which occurred during the late Triassic. The Triassic Sundaland 
has been governed by a tensional regime with the formation of many intermountain 
basins.  
Subduction resumed under the Sundaland at the middle Eocene due to the major 
strike-slip movement caused by collision of Indo-Australia plate into Sundaland. Rift 
type Cenozoic sedimentary basins in the South East Asia were formed and developed as 
shown in Fig. 4 and Fig. 5. There are 4 types of sedimentary basin shown in Fig. 4, 
namely, back arc basins in green, interior extensional basins in grey, forearc basins in 
pink and continental margin basins in yellow.  The Pattani basin is one of several 
interior extensional basins distributed in the Gulf of Thailand and the South China Sea. 
Fig. 5 shows the generalized stratigraphic sections for the above mentioned Cenozoic 
basins in the South East Asia.. First sedimentation in these Cenozoic basins was initiated 
at the end of Paleogene in the Barito (Indonesia) and Beibu Gulf / Yingghe Hei (Vietnam 
/ China) basins. Sedimentation in other basins started later. The Pattani Trough, Malay 
Basin and West Natuna basins started to receive sediments from Oligocene. These basins 
are located in the Gulf of Thailand which has basically the same sedimentary source as 
the nearby Malay and the Nam Con Son basins as shown in Fig. 6 (Worden et.al., 1997). 
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It is noted that one remarkable sedimentation hiatus or unconformity is located at Middle 
Miocene in all of the basins except for the North Sumatra Basin. 
Presently South East Asia is surrounded by the Indo-Australia, Pacific and 
Philippine plates. These plates move 6 to 8 centimeters per year compared to the Eurasia 
plate (Fig. 7). Plate boundaries are active subduction zones which are composed of 
Ryuukyuu arc in the northeast, Philippine, Java, Sumatra arcs in the south and Myanmar 
arc in the northwest. These arcs are closely associated with Wadati−Benioff zone, trench, 
accretional prism and volcanic arc?McCaffrey, 1996; Malod and Kemal, 1996?. 
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3.  Petroleum geology of the Pattani Trough 
 
 
In the Gulf of Thailand more than 4,000 exploration and development wells have 
been drilled since the first exploratory well, Surat-1 was drilled in 1971.  More than 30 
oil and gas fields in the Gulf of Thailand have been discovered since the first discovery 
was made at the Erawan structure in 1972 as shown in Fig. 8.  Most discoveries are 
located in the Pattani Trough and are of Cenozoic age. In general gas fields are located in 
the southern part and mixed oil and gas fields are located in the northern part of the 
Pattani Trough. The Pattani Trough is rift type sedimentary basin with symmetrical 
feature and is approximately 200 kilometers in length and 50 kilometers in width. 
Maximum thickness is more than 8,000 meters as shown in Fig. 9?Lian and Bradley, 
1986?. Most of oil and gas fields are located near the basin axis and oil fields are, in 
general, located in the northern part of the basin. Fig. 9a is the north to south cross 
section of the basin which, in general, shows structure dipping up toward the north.  
General stratigraphy of the Pattani Trough has been proposed by several authors 
such as Woodland and Haw (1976), Achalabuti (1981), Sasaki (1986), Lian and Bradley 
(1986) and Jardin (1997). According to Jardin (1997) there are 5 sedimentary sequences 
in the Pattani Trough from Sequence 1 to Sequence 5 in ascending order (Fig. 10). 
Basement rocks of the Pattani Trough are composed of granite, metamorphic rocks and 
carbonate rocks of Mesozoic and Paleozoic age and have been penetrated at the basin 
margin by oil and gas wells. Sequence 1 is of Oligocene age and composed mainly of 
lacustrine sediments that unconformably overlay on the Pre-Cenozoic basement. 
Sequence 2 (Late Oligocene to Early Miocene) is unconformably overlain on Sequence 1 
and composed of fluvial to deltaic sediments. Sequence 3 is composed of sandstone and 
coaly shale deposited under deltaic environment. Sequence 4 is deposited under 
continental sedimentary environment. Its shale is so called "variable color" or "red bed" 
in oil and gas industry as it was oxidized. Sequence 5 is composed of grey shale and 
frequent coal seams deposited under lower delta plain to shallow marine. There are three 
major unconformities; the Pre-Cenozoic Unconformity (PCU) between the Pre-Cenozoic 
basement and Sequence 1, the Mid-Cenozoic Unconformity (MCU) between the 
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Sequence 1 and Sequence 2, and the Middle−Miocene Unconformity (MMU) between 
the Sequence 4 and Sequence 5. Erosion of the MCU and MMU are considered to be 
relatively small amount when compared to the neighboring Malay Basin to the south 
(Minezaki and Moriyama, 2002). Source rocks are the Paleogene lacustrine shales 
formed during the synrift phase and the Miocene coaly shales deposited in the post rift 
phase. Main reservoirs are deltaic to fluvial sandstones (Sequences 3 and 4) and the 
source rocks are lacustrine shales of Oligocene age and coaly shales of Middle Miocene 
age (Sequences 1 and 3, respectively). 
Oil and gas fields in the Pattani Trough are characterized by highly faulted structure. 
There are two main types of dipping faults, namely west dipping and east dipping and 
both of faults are conjugate related. Some of faults cut down to  the Pre-Cenozoic 
basement and some cut up near the sea bottom surface. Structure of the oil and gas fields 
is the so called "graben" anticline in which top of structure is stepped down by normal 
faults on both sides as shown in Fig. 11.  
Main source rocks are lacustrine shales of Sequence 1 and coaly shales of Sequence 
3. Oil and gas are trapped in sandstones of lower to middle Miocene in a depth range of 
1,200 m to 2,750 m. Main trap style is closures against faults with some low grade of 
anticline. 
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4?The Middle Miocene Unconformity (MMU) in the Pattani 
Trough 
 
 
4.1  Age of the MMU 
 
According to Hutchison (2007, 2008) the name Middle Miocene Unconformity 
(“MMU”) was first used for the non-deposition period in the South China Sea basin 
where rifting was initiated at middle Eocene to early Oligocene and ceased at middle 
Miocene. Period of its non-deposition is between 3 to 5 million years. Although known to 
be wide spread unconformity in the Gulf of Thailand since the first exploratory well, 
Surat-1 was drilled in the Pattani Trough in 1971, the MMU seems to be named based on 
the similarity of stratigraphy in the Malay basin which is located immediately south of 
the Pattani Trough as shown in Fig. 4.  
Geologic age of the MMU in the Pattani Trough is not determined because 
planktonic foraminifera which can provide geologic age are not common. There are 
several geologic ages proposed. Lian and Bradley (1987), Piggot and Sattayarak (1993) 
proposed its age to be 14 Ma. Jardin (1997) and Kornsawan and Morley (2002) proposed 
10 Ma for the MMU. Racey (2011) proposed 10.4 Ma. However, there is almost no 
description about how its age was determined. Its age seems to be quoted from the 
eustatic curve proposed by Haq and et al (1987). Hutchison proposed geologic age of the 
MMU in the South China Sea as 16 Ma. 
As mentioned in the previous section, Fig. 5 shows standard stratigraphic chart of 
Sundaland including Indonesia, Vietnam, Malaysia and Thailand (Cole and Crittenden, 
1997). The Middle Miocene Unconformity is clearly shown at middle Miocene. In the 
West Natuna basin, Nagura et.al. (2000) reported that a regional unconformity (Muda 
Unconformity) occurred at the end of Middle Miocene (10.5 Ma) and emphasized its 
unconformity on petroleum geology. Its erosion thickness directly relates to seal capacity 
and controls several petroleum systems such as hydrocarbon migration path, 
accumulation and trapping. 
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4.2  Characteristics of the MMU in the Pattani Trough 
 
The MMU in the Gulf of Thailand has been known to geoscientists since the first 
exploratory well, Surat-1 well was drilled in the Gulf of Thailand in 1971. This 
unconformity seems to have been named by analogy from the Malay basin where oil and 
gas exploration has proceeded that of the Pattani Trough. The MMU has following 
characteristics on geology and drilling aspects. 
 
4.2.1  Characteristics of the MMU on geology and geophysics 
 
(1) Lithology 
Mud log near MMU of the Erawan-1 well is shown in Fig. 12 and Table. 1. 
Sampling rate is every 10 feet. MMU is located at a depth of 4,390 feet subsea (or 
measured depth of 4,420 feet). Lithology above MMU is predominant grey to dark grey 
clay and claystone with coal seams. However shale color below MMU is a mix of brown, 
purple, red gray so called “red brown”. Therefore, it’s easy to identify the MMU based on 
cuttings samples. The amount of predominant soluble clay above MMU decreases with a 
depth and is very rare and becomes hard below MMU as shown in Fig. 12. According to 
mud log report, clast size of basal conglomerate above MMU ranges from very coarse 
sandstone to granule.  
 
(2) Benthonic foraminifera 
Fig. 13 is summary of microfossils and environments of the Erawan-1 well drilled 
in 1972. Benthonic foraminifera and palynology analysis were made. Total depth of the 
well is located within NF − RF (non fossil − rare fossil) of Sequence 2. Boundary 
between Sequence 2 and 3 is not clear. Sedimentary environment of Sequence 3 is lower 
deltaic to shallow marine characterized by Ammonia − Pseudorotalia benthonic 
foraminfera. Sequence 4 above Sequence 3 is non-fossil zone and suggest land 
environment. Ammonia − Miliammina Pseudorotalia − Asterotrotalia is commonly in 
Sequence 5 suggesting shallow water to swampy environment. It is noted that there is no 
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planktonic foraminifera in this well. 
(3) Palynology 
Geologic age for the Gulf of Thailand such as Pattani Trough and Malay basin is 
basically determined by palynology. Detailed palynormorph assemblage zones (PR1 to 
PR15) for the Cenozoic section in the Malay Basin is established by PETRONAS 
Research correlated with Esso’s seismic group (Madon, Karim and Fatt, 1999). 
Florschuetzia levipoli zone and Florschuetzia meridionalies zone indicate early Miocene 
to middle Miocene and late Miocene respectively. Dacrdium − Podocarphus zone 
indicates late Miocene. In the well Erawan-1 (Fig. 13), there is a boundary between 
F.levipoli zone and F.meridionalies zone at a depth of 4,338 feet and is almost same depth 
as the MMU at 4,390 feet. Therefore the geologic age of the MMU can be determined to 
be Middle to Late Miocene. 
 
(4) Characteristics on velocity 
There are at least 18 wells with velocity shot data in the Pattani Trough as shown in 
Fig. 14 and Table 2.  As a representative well for velocity shot data the Erawan-1 well 
data was adopted.  Twenty five receivers in the wellbore and interval velocity between 
receivers are indicated by stars on the left and by rectangles in the middle as shown in 
Fig. 15. In general, the interval velocity increases with depth, however, its velocity 
increases significantly around at 4,300 feet which is almost same depth as the MMU. 
Interval velocity above the MMU decreases rapidly to 8,400 feet/sec. from 10,500 
feet/sec below the MMU. Fig. 16 is the compressed electrical logs of the Erawan 12-10 
well. It shows GR (Gamma Ray), Resistivity (Induction Log Deep: ILD) and sonic log 
from left to right. It is also noted that sonic velocity trend shifts around the MMU 
although lithology for both intervals is not fully identified especially above the MMU 
because of no density/porosity log is available. 
 
(5) Characteristics on dipmeter  
Fig. 17 shows dipmeter log around the MMU of the Satun-3 well. MMU is located 
at a depth of 5,080 feet. Strike and dip in Sequence 5 above the MMU is generally N-S 
and 2 − 4 degree toward west as displayed in green color (Fig. 17). Dip magnitude is 
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relatively constant except around 4,800 feet where one small scale fault is interpreted 
because typical “red – blue pattern” is observed. On the other hand dip magnitude below 
the MMU shows wide variation. This considerable difference on dip magnitude above 
and below the MMU suggests different sedimentary environment. Sediments of Sequence 
5 were deposited under the more stable or calm environment. On the contrary sediments 
of Sequence 4 deposited at relatively unstable environment. However, formation dip is 
almost same as above and below the MMU as shown in Fig. 18. This formation dip is 
supported by the seismic section through the Satun-3 well. The yellow horizon is 
equivalent of the MMU in this section. Although this structure is highly faulted, there is 
almost no change of formation dip above and below the MMU.  
 
4.2.2  Characteristics of the MMU on drilling 
 
Drilling rate for shale above the MMU is 0.5 to 1.0 minutes per foot and decreases 
to 2.0 to 3.0 minutes per foot below the MMU as shown in the left column of Fig. 12. 
This suggests some compaction difference above and below the MMU. However, drilling 
rate for sandstone is almost constant with depth due to the different response on 
compaction for sandstone from that of shale.  
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5.? Estimated erosion thickness of the MMU in the Pattani 
Trough 
 
 
5.1  Estimation of erosion thickness 
 
Although there are several methods to estimate erosion thickness, two kinds of 
methods were adopted in this research because of practical and accuracy reasons, namely 
i) traditional reconstructed section method and ii) Magara method (1978) with use of 
sonic logs.  
 
5.2  Reconstructed section method 
 
Location of the five reconstructed sections is shown in Fig. 19. 
 
5.2.1  Erawan structure 
 
Original and reconstructed seismic section of the Erawan field is shown in Fig. 20 
and Fig. 20a respectively. Fig. 20 shows a highly faulted anticline with a gentle dip of the 
western flank and with a steep dip of the eastern flank. If there are no faults, 
reconstruction is relatively easy. However, there are many faults in the section. Therefore, 
the seismic section was separated into each fault block by hand with scissors and was 
rotated to the MMU base line (red color) without any time-depth conversion.  
Although there is no continuous geologic marker in Sequence 4 below the MMU as 
indicated by the red line at 1.1 to 1.3 TWT (Two Way Time in seconds), there are many 
strong non-continuous or lenticular seismic events which indicate channels as highlighted 
in yellow (Fig. 20a). In this study “imaged anticline” were made to connect the 
non-continuous seismic events as shown by the blue dotted line. Apex of the anticline is 
nearly the MMU. However, time thickness of remaining (not eroded during the MMU 
time) sediments on the west flank and the east flank are 120 msec. and 200 msec in TWT, 
respectively. Using the time-depth conversion, these values are calculated to be 600 feet 
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(180 m) and 1,000 feet (300 m) respectively. In other word, it is considered that minimum 
600 feet (180 m) section on the western flank and 1,000 feet (300 m) section on the east 
flank sediments were eroded during the MMU. Eroded thickness on western flank is 
smaller than that of eastern flank due to the differential uplift during the MMU.  
 
5.2.2  Satun, North Satun (Pladang), Baanpot and Trat structures 
 
The same method for the Erawan structure was applied to the Satun, North Satun 
(Pladang), Baanpot and Trat structures as shown in Fig. 21 to Fig. 24 respectively. 
Results are shown below. Although erosion thickness is variable depending on the 
structure and its location on flanks, the erosion thickness on average is between 200 - 300 
m. Erawan, Baanpot, Satun and North Satun fields are located at the western part of the 
basin and Trat field is located at the eastern part of the basin. It is common that erosion 
thickness on the west flank of structure is larger than that of east flank, only North Satun 
(Pladang) field has a reverse phenomenon. There is no clear reason at this moment. 
 
Field 
Erosion Thickness 
(West flank) 
Erosion Thickness 
(West flank) 
Erawan 600 feet (180 m) 1,000 feet (300 m) 
Baanpot 600 feet (180 m) 900 feet (270 m) 
Satun 600 feet (180 m) 1,150 feet (350 m) 
North Satun (Pladang) 1,400 feet (420 m) 700 feet (210 m) 
Trat 650 feet (200 m) 450 feet (140 m) 
 
 
5.3  Magara method (1978) with use of sonic log  
 
5.3.1  Sonic log  
 
Physical logging uses a variety of methods and tools to continuously measure 
physical response of rocks in a well bore such as resistivity, density, velocity, porosity etc. 
These tools were first tested onshore France by Schlumberger brothers in 1927?Miyairi, 
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1998?. Sonic logs are used to measure travel time through 1 foot (30.4 cm) in µsec. This 
is also expressed by ∆t. In this measurement P-wave is usually used.    However, there 
are also other types such as S-wave, Stoneley wave, Rayleigh wave etc. in addition to 
P-wave in sonic waves. For example Rayleigh wave is effective to measure fracture 
reservoirs such as in the Rang Dong oil field in Vietnam.  
Sonic tool is shown in Fig. 25 which has two transmitter and four receivers. In 
general sonic velocity of sandstone is 55.6 − 47.6 µsec / foot?18,000 − 21,000 feet/sec?
and that of limestone is 47.6 − 43.5 µsec / foot (21,000 − 23,000 feet / sec). The sonic or 
acoustic tool uses sound waves to measure porosity. Sound is energy that travels in the 
form of a wave and has a frequency between 20 and 20,000 cycles per second (cps, or 
Hertz). A sound wave (also called an acoustic wave) can travel in several different forms. 
The most common form is a compressional wave, the kind of wave that vibrates our 
eardrums so we can hear. Compressional waves are also called P-waves (primary waves) 
because they are the first waves to arrive.  
A compressional wave travels by compressing the material in which it travels. The 
material ‘’moves’’ along the axis of the wave. An example of a compressional or P-wave 
is a Slinky spring toy that you hold outstretched vertically. If you lift a couple of coils and 
then drop them, a compressional wave will travel down the spring. When the wave 
reaches the end of the coil, it will travel back up. This phenomenon is called reflection. 
Another characteristic of sound waves is that they change speed when the material in 
which they are traveling changes. This process is called refraction. 
A second type of sound wave is the shear wave or S-wave. This wave is slower than 
the P-wave and cannot be transmitted through a fluid. To visualize an S-wave, think of a 
rope with one end tied to a tree. If you pull the free end of the rope almost tight and then 
snap it, a shear wave will roll down the rope. The rope does not move horizontally; it 
moves vertically, or at right angles to axis of the wave. This motion is characteristic of a 
shear wave. If it were not in a solid medium, it would not be able to transmit its energy. 
Several other types of waves may be present in a full-wave recording of sound passing 
through the formation near the borehole. These waves are of little practical importance at 
present, although researchers are investigating them. 
The sonic tool takes advantage of the fact that a sound wave travels at different 
speeds through different materials and, more important, that the sound wave travels at 
different speeds through mixtures of materials. If we know the speed of sound for each of 
the materials, we can calculate the amount of each material as long as there are only two 
materials. If there are more than two substances, we need additional information. In other 
words, if we know that a certain formation is a limestone and that any pore spaces it may 
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have are filled with water, we can determine the porosity by measuring the time a 
compressional sound wave takes to travel through 1 foot of the formation.  
 
5.3.2  Theory of Magara method (1978) 
 
Shale in sediments expels its internal formation water due to overburden and 
gradually reduces its porosity. Porosity in shale will decrease exponentially with depth. 
Where the vertical axis is for depth in linear scale and horizontal axis is for porosity in 
logarithmic scale, the relationship will be a straight line the so called “Normal 
Compaction Trend” (“NCT”).  
Magara (1978) also showed there is straight line relationship between shale porosity 
and interval velocity ?∆t shale (µsec / foot)?with evidence at wells in Niigata oil and gas 
field located northwest of Honshu island of Japan. This relationship is also expressed a 
straight line on logarithm scale. If sedimentation is continuous, NCT will be straight. 
However, if there is break in sedimentation such as caused by erosion or 
non-sedimentation the NCT will no longer be straight. 
 Erosion thickness at the MMU can be obtained from a + b as shown in Fig. 26 
(Magara 1978, Nakayama and Takahashi 2011). 
where  a: cross point between NCT and ∆t 200 µsec / foot 
where  b: thickness of new sediment after erosion = depth of MMU at present 
Using this concept, the author has studied shale compaction in the Pattani Trough. 
The study area is 20,000 square kilometer (E-W 100 km and N-S 200 km) which covers 
13 oil and gas fields as shown in Fig. 27. Those names of the fields from north to south 
are: Kaphong, Platong, Surat, Plamuk, Pakarang, Pladang, Erawan, Satun, Baanpot; and 
on western flank :Trat ,Jakrawan, Funan, Gomin fields. 
A plot of ∆t shale is made for each well. However, values from 2 or more wells 
were overlaid because of the lack of accuracy. The short depth interval of Sequence 4 and 
its high variation in values give erroneous NCT. In the case of overlay, one well which 
has a long electrical logging interval was selected as a representative well.  All values 
are adjusted to the representative well. Water depths for all wells are generally in the 
range of 60 − 80 m. 
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5.3.3  Other electrical log data 
 
Other electrical logs used in this study are different kinds as shown below. Total 
number of the wells is 122.  
- Sonic Log (scale : 1/200 & 1/1,000) 
- GR (Gamma Ray) (scale: 1/200 & 1/1,000) 
- Resistivity Log (scale : 1/200 & 1/1,000) 
- Porosity Log? 
 FDC (Formation Density Log) / CNL (Compensated Neutron Log) or LDL 
(Litho Density Log) / CNL(Compensated Neutron Log)?scale: 1/200? 
- Mud Log (scale: 1/1,000) 
 
5.3.4  Process 
 
Step 1) Lithology identification 
As show in Fig. 28, lithology is determined based on mud log, resistivity, porosity 
logs and shale is chosen. Resistivity of shale is 2 − 3 ohm-meters in average except those 
of in the western part of the Platong gas field in which hydrothermal (low salinity) water 
invaded (Sasaki, 1986). Shale zone is characterized by larger separation on FDC/CNL log 
as shown in Fig. 28. Minimum thickness of shale zones is basically 10 feet. There are GR, 
Resistivity and Sonic Log from the left to right.  
Step 2) Quality check and picking values 
Sonic log is normally acquired with other type of logs, such as FDL/CNL or 
LDL/CNL. It is carefully picked to read valid values as sometimes the wells are rugose 
with poor borehole walls due to the use conventional ligno-sulphonate mud which is no 
longer in common use. Modern wells use a synthetic oil base mud which is free from 
harm for environment. 
Actual picking zone is selected where the values are stable in an interval of more 
than 10 feet (Fig. 29). However, sometimes shorter distance less than 10 feet is chosen if 
sonic log is stable. Some difficulty was encountered because Sequence 5 is deposited 
under shallow marine to lagoonal conditions and includes coal and coaly shale which 
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give slow ∆t. Since Sequence 5 is out of main target, basic minimum logging tools such 
as sonic and resistivity logs were used but porosity log was not run. Therefore, mud log 
and resistivity logs were carefully used for lithology identification. Mud log is basic and 
important tool for lithology identification. 
Step 3) Plotting values 
In plotting values, measured depth of deviated well was converted to vertical depth 
for comparison purpose. Actually subsea depth (sea level is zero) is adopted because each 
drilling rig (vessel) has its own different height of drilling floor.  In this way ∆t shale vs. 
depth is plot is prepared for one well. To enhance the accuracy for plot, all wells in the 
same field were stacked with datum which is adjusted to the representative well 
(normally first well for each field) because picking points for ∆ t are not enough to 
establish NCT as previously mentioned. 
 
5.3.5  Results 
 
(1) Erawan Field 
∆t shale of the Erawan field which includes 20 wells in this study is shown in Fig. 
30. Erawan-1 well was selected as the representative well in which MMU is located at - 
4,390 feet sub-sea depth. Depths of all other wells were adjusted to the Erawan-1 well 
because Erawan-1 well has the most longest interval of electrical log measured. Mud 
weight in PPG (Pounds per Gallon) is also attached on the right column for pressure 
comparison. Three main trends named A, B and C are seen in this figure. Trend A shows 
approximately straight line in Sequence 5 to at 200 µsec / foot of ∆t shale near the surface 
from MMU. Trend B is rather steep straight line which starts from C61-3 marker to 
MMU. Trend C is steeper line below C61-3 marker in the upper part with rather curvature 
shape in the lower part.  
In this field, Trend B is called to be Normal Compaction Trend (NCT). Extension of 
NCT to the surface is 140 µsec / foot. Trend C is thought to be influenced by high 
pressure in which the compaction of shale will be blocked (slower ∆t value) as mud 
weight suggests on the right column (Fig. 30).  
Intersection of Trend A and ∆t shale 200 µsec / foot line is about 1,000 feet below 
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the surface. This is interpreted as the sonic wave propagates into water rather than shale 
(clay) if porosity of shale is larger than 62% (Magara, 1978). Based on Magara (1978) 
method erosion thickness of the MMU is estimated to be 6,390 feet (a + b = 2,000 feet + 
4,390 feet). Line for NCT is based on the method of least squares for the interval of 
Sequence 4. 
 
(2) Other Fields 
Erosion thickness of the other 12 fields was obtained based on the same method of 
the Erawan field as shown in Fig. 31 to Fig. 42. Summary of the estimated erosion 
thickness is shown below including the Erawan field and Table 3. 
 
Field Well 
b 
(ft) 
a 
(ft) 
Erosion Thickness(ft) 
a+b 
No. of wells
Erawan Erawan-1 4,390 2,000 6,390 20 
Baanpot Baanpot-1 4,539 2,000 6,540 12 
Satun Satun-1 5,180 1,800 6,980 15 
Jakrawan Jakrawan-1 5,140 1,700 6,840 7 
Funan Funan-1 4,656 2,000 6,656 12 
Gomin Gomin-1 4,040 2,500 6,540 5 
Trat Trat-1 4,945 5,300 10,245 13 
Kaphong Kaphong-1 4,508 5,000 9,508 5 
Platong Platong-1 4,309 4,000 8,309 10 
Surat Surat-1 3,747 1,200 4,947 5 
Plamuk Plamuk-1 4,129 1,200 5,329 2 
Pladang Pladang-1 4,770 5,600 10,307 8 
Pakarang Pakarang-1 4,251 3,300 7,551 8 
                                         Average: 7,396 feet  Total: 122 wells 
 
Normal compaction trends (NCT) of Sequence 4 for the 122 wells drilled in 13 oil 
and gas fields located in the Pattani Trough were obtained based on Magara method 
(1978). NCT in Sequence 4 is not positioned on the trend with those of Sequence 5. NCT 
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seems to buckle toward right (in green) above the MMU as seen in Fig. 43. However, 
there is a clear geological gap between Sequence 4 and Sequence 5. This gap suggests 
some major geological change such as unconformity, non-sedimentation etc.  
 
5.4  Discussion on the estimated erosion thickness of the MMU 
 
5.4.1  Point of view from sedimentary basin and geological structure 
 
Many authors (Polachan et al 1991, Praditan and Dook 1992, Charusiri and Pum - 
Im 2009) mentioned that Cenozoic sedimentary basins including the Pattani Trough in the 
Gulf of Thailand were formed by strike - slip movement caused by the moving and 
subduction of the Indian plate into the Eurasia plate (Fig. 44). Typical structure in the 
Pattani Trough is seen in Fig. 11. This structure was interpreted to be formed under the 
tension regime. Although more than 3,000 wells were drilled in the Pattani Trough, so far 
there is no report on reverse faults, which suggests no huge uplift occurred. Piggot and 
Sattayarak (1993) mention some slight erosion had occurred in the northern part of the 
Pattani Trough, however, there is no clear evidence provided. Charusiri and Pum - Im 
(2009?reported huge volcanic activity occurred at 11.6 Ma in the Petchabun basin 
onshore Thailand. So, some small tectonic movement associated with slight erosion in the 
Gulf of Thailand may have occurred although huge tectonic movement is not likely. 
Reconstructed section method is one of traditional methods to estimate erosion 
thickness of an unconformity. Although there are some errors on picking horizons on 
seismic sections or taking datum, estimated erosion thickness of minimum 200 to 300 
meters based on reconstructed section method is considered to reflect the reality. On the 
other hand, 2,000 meters of erosion thickness on average obtained by Magara method 
(1978) is approximately 10 times of the conventional method. There are some questions 
on NCT method in the Gulf of Thailand as mentioned before in which strong tectonic 
movement is unlikely at MMU time. The cause of the huge erosion value based on NCT 
method is the high velocity shale in Sequence 4. According to Lin (1995) estimates 
erosion thickness of the MMU would be in order of 1,000 feet based on geochemical 
study. 
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5.4.2  issue on Magara method (1978) 
 
Main reasons which give a huge erosion thickness based on Magara method (1978) 
is high velocity shale of the Sequence 4 (small ?t shale value). Factors for high velocity 
on shale are presumably composed of the following factors; 
- hardening by hydrothermal water,  
- high concentration of special rocks or minerals such as calcite, iron, pyrites etc. 
- alternation of clay mineral by heat so called chemical compaction (Bjorlykke, 
1999). 
- Others 
(1) Hardening by hydrothermal water 
There are many faults in the oil and gas fields present in the Pattani Trough as 
shown in Fig. 11. In some parts of the Platong fields, hydrothermal water into gas 
reservoirs are considered by Sasaki 1986 as shown in Fig. 45, Fig. 46, Fig. 47. Density of 
shale in high CO2 zone is greater than that of low CO2 zone (Fig. 47).  Sasaki (1986) 
proposed the hydrothermal concept for high CO2 in the Platong field as shown in Fig. 48. 
In the western part of the Erawan field, mantle derived methane and nitrogen were 
migrated through faults into reservoirs (Fujiwara and Sasaki, 1988).  However, these 
evidences are not commonly identified in the Pattani Trough therefore harden by 
hydrothermal water does not support the high velocity of Sequence 4.  
 
(2) Calcareous and pyrite content in shale 
High velocity shale zone in oil and gas producing horizon in the Cenozoic 
Pitsanulok basin onshore Thailand is reported by Fujii (2011). He concluded that its high 
velocity is due to calcareous debris derived from Carboniferous and Permian carbonates 
surrounding the Pitsanulok basin. In the Pattani Trough calcareous content on the mud 
log of the seven wells was investigated. Location of the wells and its results of the 
Erawan-1 exploratory well is shown in Fig. 49 and Fig. 50 respectively. Vertical and 
horizontal axis from left indicates depth and characteristics on shale such as color, 
hardness, calcareous content. On the right column, sequence boundaries and geologic 
markers are also indicated. Color, hardness and calcareous content of shale are 
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summarized by mud log with 1/200 scale made by mud logging geologist at well site. 
Cuttings are taken at every 10 feet (3 meters). As description on color, hardness and 
calcareous content is pin pointed, it is shown in range. In addition to that, thin limestone 
or dolomite layers are also documented for reference. These limestone and dolomite are 
thought to be continental origin such as roots of plant etc. Formation depth is represented 
in measured depth, not vertical depth because mud log is made based on drilling depth. 
Although calcareous content of the Erawan-1 well is high to moderate in Sequence 
4 (Fig. 50), those of the Erawan I-11 well is low as shown in Fig. 51. It is not clear in the 
Erawan 12-30 well due to the poor description for cuttings (Fig. 52). In other field such 
as Satun, Jakrawan and North Satun (Pladang) fields calcareous content in Sequence 4 is 
clearly low (Fig. 53 to Fig. 56). Therefore, calcareous content in Sequence 4 is low in 
general and does not support the high velocity of Sequence 4. There is almost no report 
on abundant pyrite crystals in mud log except the western part of the Platong field where 
hydrothermal water entry to the reservoirs was reported by Sasaki (1986). 
 
(3) Chemical compaction of clay minerals 
Compaction and liquid flow regime in sedimentary basin is modeled by mechanical 
compaction because main driving force is regarded as effective stress on compaction. 
However, Bjorlykke (1999) proposed chemical contribution on compaction together with 
mechanical compaction in sedimentary basin because dissolution and precipitation of 
clay minerals are commonly occurred at a depth of 2,000 to 3,000 meters where 
formation temperature is more than 70 to 100 C ?. This process is illustrated in Fig. 57. 
In other words, smectite, gibbnite and kaolinite which are formed by weathering process 
at low temperature near surface are dissolved into illite which is more stable at high 
temperature condition at deeper depth. However, its diagenesis process largely depends 
on the presence of potassium ion derived from potassium feldspar. Mudstone composed 
of quartz, feldspar, mica and illite is stable hydrodynamically even at high temperature. 
Quartz will be replaced due to pressure solution and illite will be recrystalized.  
Puttiwongrak et.al. (2011) studied porosity − depth, porosity − geologic age and 
other parameters with shales in the world and concluded that main control on clay 
compaction is alignment of clay minerals, chloride content, sedimentation speed, 
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geologic age and temperature, etc. Geologic age and temperature are considered to be 
most important.  
 
(4) Others 
Since Sequence 4 is made of predominantly red bed which are believed to have 
been deposited in an oxic fluvial depositional environments, nodules are easily made 
from calcareous or ferron materials. However, as discussed already calcareous nodule is 
not deemed likely.  
 
5.4.3  Synthesis for Magara issue 
 
As discussed above the causes of high velocity in Sequence 4, hardening by 
hydrothermal water and calcareous content are not likely. So main causes of high velocity 
in Sequence 4 may be chemical compaction which is pointed out by Bjorlykke?1999?or 
some other causes such as ferron nodule etc. 
Fig. 58 shows temperature gradient derived from the BHT (Bottom Hole 
Temperature) of the more than 70 wells in the Pattani Trough with assumption of the 
water bottom temperature at 20 C?. Also vertical depth of wells at 100 C?is also shown 
in Table 4. It ranges from 4,434 to 6,710 feet (1,351 − 2,045 m) and shows 5,255 feet 
(1,602 m) on average. It is noted that drilling depth at 100 C?would be shallower than 
that of the calculated since BHT is measured dynamically by electrical log and is not the 
mean static temperature. Temperature gradient for each well is shown in Fig. 58, and 
ranges from 2.15 – 3.25°F / 100 feet (3.91 – 5.92°C / 100m). Temperature gradient on 
average is 2.74°F / 100 feet (4.99°C / 100m). These temperature gradients are as high as 
seen at Sumatra Island as shown in Fig. 59. Even at the present, temperature gradient in 
the Pattani Trough is almost equal to that of the Eastern Africa Rift Valley (Racey, 2011). 
Although there is no report available on analysis for clay mineral of Sequence 4, 
chemical diagenesis from smectite through mixed layer clay to illite is proposed by 
Bjorlykke?1999). One of electrical logs, NGL (Natural Gamma Ray Spectrosmetry tool, 
Trade Mark of Schlumberger) has been used to obtain clay information (shaliness: shale 
volume calculation) for log interpretation which is important to estimate reserves of oil 
and gas. Fig. 60 indicates well locations in which NGL logs were used.  
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The natural gamma-ray curve has its source essentially in three radioactive 
isotopes: uranium (U), thorium (Th), and potassium (K). Thorium and potassium are 
usually found in shales and clays. Uranium compounds may be found in practically any 
formation. The development of new, more sensitive detectors and more sophisticated 
electronics such as multichannel analyzers has allowed the separation of the natural 
gamma-ray measurement into its three major components (U, Th, and K). The 
gamma-ray spectroscopy tool is often run in place of the standard gamma-ray tool. We 
have long used the total natural gamma-ray measurement as a shaliness indicator, but it 
can be misleading because uranium may be associated with both shale and reservoir rock. 
A better shaliness determination may be made from the thorium and potassium 
measurements. Engineers can also type, or identify, the clay (montrmorillonite, illite, 
kaolinite) with these measurements because different clays have different ratios of 
thorium to potassium (Serra, 1984). 
Fig. 61 and Fig. 62 show the relationship between thorium and potassium from 
NGL. In both cases, their points are plotted near illite area. Although original clay 
minerals in the shale are not known, some indication of diagenesis on clay mineral from 
montmorillonite to illite may have occurred because montrmorillonite has no potassium 
(Hilchie, 1982). Fig. 62a represents shale plots of shale for every 1,000 feet depth 
interval.from 3,000 feet to Total Depth (9,165 feet). It starts from the point M 
(montmorillonite) and gradually shifts to the left down corner through point K (kaolinite) 
and Point I (illite) through Density (ρb) and neutron porosity (ΦCNL) for clay minerals are 
given on the upper right corner for reference (Johnson and Pile, 1988). It is noted that as 
the MMU is located at 4,036 feet, density and porosity of shale is gradually compacted 
with depth and does not show remarkable gap at the MMU.  
In summary, chemical compaction may be one of principal causes for the high 
velocity of Sequence 4 although the definite cause has not obtained yet at this moment. 
Further study for the high velocity of Sequence 4 is needed. 
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6?Basin modeling of the Pattani Trough 
 
 
Oil and gas are generated by the action of heat and pressure over time on source 
rocks and after expulsion migrated through permeable carriers such as porous sandstones 
or fractures to be eventually trapped in permeable rocks with impermeable seal to prevent 
leakage. Understanding this process is important for oil and gas exploration especially as 
oil and gas are always moving if a trap is broken. This process is only simulated by basin 
modeling. Its basic theoretical background is given by chemical reaction under the 
combination of heat and overburden through geologic time. 
 
6.1  Previous studies 
 
There are only two papers to have studied on basin modeling in the Pattani Trough 
in public so far, which were made by Minezaki and Moriyama (2002) and by Jardine 
(1997). Their main points are summarized. 
 
6.1.1  Minezaki and Moriyama’s study (2002) 
 
Minezaki and Moriyama (2002) used two dimensional basin modeling, "Sigma-2D" 
software which was designed and developed by JNOC (presently JOGMC, Japan Oil, 
Gas, Metal National Corporation). Main results and parameters are shown in Fig. 63 and 
Table 5. Main parameters are as follow; 
- Source rock: lacustrine shale in Sequence 1 and coaly shale in Sequence 3, 
- Crustal heat unit: constant 1.6 − 1.7 HFU (Heat Flow Unit)  
This value is determined based on the bottom hole temperatures of wells because 
suppressed vitrinite phenomenon is commonly observed in the South East Asia including 
Pattani Trough. Their study was made without any erosion at the MMU. 
Minezaki and Moriyama (2002) assumed there is almost no erosion thickness of 
both the MCU and the MMU. 
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Main results are shown below: 
1) Late Oligocene (30 − 25 Ma): No hydrocarbons from Sequence 1 were 
generated. 
2) Early Middle Miocene (25 − 17 Ma): In the center of the Pattani Trough oil has 
began to generate from Sequence 1 and gradually its generation area has 
progressed to the margin area. Gas generation followed oil generation in the 
center of the Pattani Trough. 
3) Middle of Middle Miocene (17 − 10 Ma): Gas generated from Sequence 1 began 
to leak to the surface at some areas across almost all of the Pattani Trough. In 
the southern part of the Pattani Trough, where rather high heat flow than those 
of north, oil cracking to gas was accelerated.  
4) Late of Middle Miocene (10 − 2 Ma); Gas began to generate from Sequence 3 in 
the basin area. Near the basin margin areas Sequence 1 began to generate oil 
and oil is accumulated to closures on the basement high. 
5) Pliocene to Present (2.0 − 0 Ma); Oil and gas are generated from Sequence 3 
and are being generating at present. 
 
6.1.2  Jardine’s study (1997) 
 
Fig. 63a shows the results of Jardine's study. Although basic concept for basin 
modeling is almost same as Minezaki and Moriyama (2002), the following three points 
are different.  
1) Jardin used the software of Platt & River BasinMod and Unocal (presently 
Chevron) inhouse basin modeling software. 
2) There are three source rocks, one of which is lacustrine shale in Sequence 1, 
coaly shale in Sequence 3 and gas prone coaly shale with slightly oil prone 
source rock in Sequence 2 
3) Heat flow was taken from "rift subsidence model". 
4) Maturation value was estimated from more than 200 number of gas, condensate 
and oil samples. However, those values are not shown. 
Main points for basin modeling are shown below. 
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1) Late Oligocene − Early Miocene: Oil began to generate from Sequence 1 
lacustrine source rock in the basin center of the Pattani Trough. 
2) Early Miocene: Oil generation from Sequence 1 peaked in the center of the 
basin and gas generation began from Sequence 2 with minor oil. 
3) Middle Miocene: Gas generation with minor oil from Sequence 2 peaked. 
4) Late Miocene − Pliocene: Gas generation from Sequence 3 began and has 
continued up to Recent in the basin center. 
5) Recent: No hydrocarbons from Sequence 4 and 5 were generated in the basin 
center yet. At the basin margin, oil is generated from Sequence 1. 
 
In summary, Minezaki and Moriyama (2002) and Jardine (1997) obtained almost 
same results. In other words, in the basin centre oil from Sequence 1 began to generate 
from late Oligocene to Early Miocene and peaked in the early Miocene. Gas from 
Sequence 1 began to generate from early Miocene and peaked at middle to late Miocene. 
Gas from Sequence 3 began to generate in late Miocene and still keeps generating at 
Recent. However, there is no clear burial history curve in their papers and reproduction of 
the basin modeling is not able. 
 
6.2  Updated basin modeling based on the results of this study 
 
Although thermal study for the Hua Hin basin in the Gulf of Thailand was made by 
Shaw and Packham (1992), there is no report on thermal history for the Pattani Trough. 
Therefore 1.6 − 1.7 HFU (Heat Flow Unit) proposed by Minezaki and Moriyama (2002) 
was used as thermal history in this study. Platts & River BasinMod was used as software 
in this research.  
Fig. 64 and Fig. 65 show location of the pseudo well used for this modeling. T 
Burial history at Point A is shown in Fig. 66 which represents 300 m erosion thickness of 
the MMU. Point A is located in the deepest location of the southern part of the Pattani 
Trough. There are many faults, however, it is noted that migration of hydrocarbons 
through faults are not considered in this study.  
Main parameters are shown in Table 5. Please note that erosion thickness of the 
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MMU is 1,000 feet (300 m) based on this research. Other parameter, TOC (Total Organic 
Carbon) is adjusted to reflect to the realistic hydrocarbon distribution in the fields. 
Results are shown in Fig. 67 and Fig. 68. Oil generation from Sequence 1 began at 30 Ma 
and peaked at 26 Ma and almost ceased at 20 Ma. On the other hand gas from Sequence 3 
was initiated at 10 Ma and almost ceased at 5 Ma. In summary results based on this study 
are in general the same as those of Minezaki and Moriyama (2002) and it shows that 
there is almost no amendment needed on hydrocarbon generation.  For comparison 
purpose, results of the 1,000 m erosion case at the MMU are also shown in Fig. 68a and 
Fig. 68b. Although here is no change for the Sequence 1, there is considerable different 
behavior of hydrocarbon generation and expulsion for Sequence 3. This means that 
erosion at the MMU did not affect any impact on the hydrocarbon generation and 
expulsion from Sequence 1. All hydrocarbons were expelled before the MMU occurred. 
However, in case of the 1,000 m erosion of the MMU hydrocarbon began to generate 
more than that of the 300 m, however, due to the decrease of overburden caused by the 
uplift of the MMU has stopped to generate hydrocarbons and after that it resumed again 
due to the new sedimentation. Therefore erosion is closely related to hydrocarbon 
generation, expulsion, migration and trapping especially basin margin area because 
maturation level is critical there. 
 
6.3  Geochemical nature of oil and gas in the Pattani Trough 
 
6.3.1  Oil nature 
 
Based on the Pr / Ph (Pristane / Phytane) ratio v.s. δ13C plot of oil in the Pattani 
Trough as shown in Fig. 69 (Jardin,1997; Minizaki and Moriyama 2002), two type of 
source rock, lacusrtrine shale in Sequence 1 and coaly shale in Sequence 3 are identified. 
However, since its δ13C of oil is widely ranging from – 21 ‰ to – 34 ‰, it is possible that 
δ13C of kerogen may be more variable. For example, it is clearly identified that these two 
type of groups, such as from Dara / Surat fields and Ubon / Yala fields are generated in 
different locations. Therefore, if source rock type is known, it is possible to estimate its 
maturation level on associated gas with oil reservoir. 
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6.3.2  Gas nature 
 
Although number of data is limited, three groups (1, 2, 3) can be seen in the?13C 
methane and?13C ethane in the Pattani Trough (Fig. 70). Group 1 is gas generated from 
Type III kerogen in Sequence 3 although maturation is not determined because its 
kerogen is unknown. Group 3 is associated gas with oil generated from lacustrine source 
rock in Sequence 1. Group 2 is characterized with higher maturation gas probably 
cracked from oil. Differentiation between Group 1 and Group 2 (and Group 3) can be 
made by the plot of C1 / (C2 + C3) ratio vs.?13C1 as shown in Fig. 70a . There are two 
group between the line of ?13C methane ? – 34.6 ?.  
As mentioned above, it is not easy to estimate maturation level based on only 
measured isotopic data. Maturation is valuable based on the type of source rock. 
Therefore, estimated maturation directly from?13C methane may not be accurate. More 
data should be collection and careful interpretation is needed. According to Fig. 70a, 
most of gases in the Pattani Trough may be cracked gas from oil derived from the deeper 
area generated from lacustrine shale in Sequence 1 if Group 2 gas is located on Type II 
maturation trend where?13C methane is about – 40 ?. This is concordant with the 
results of the Minezaki and Moriyama (2002)’s basin modeling as shown in Fig. 63. 
Further collection of the geochemical data and reinterpretation especially source 
type and maturation on oil and gas is recommended to understand precise hydrocarbon 
generation, expulsion and migration in the Pattani Trough.  
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7.  Schematic model of the MMU in the Pattani Trough 
 
 
7.1  Isopach map between MMU and B37-6 marker 
 
Depth contour map of the MMU based on more than 100 wells is shown in Fig. 71. 
Its depth ranges from 3,500 feet to 5,300 feet and in general is concordant with the basin 
axis of the Pattani Trough (Fig. 1). However, it is slight different from the basin axis at 
the southern end and suggests some small tectonic movement happened after the MMU 
was formed. Fig. 72 shows a contour map of the B37-6 marker approximately 200 to 500 
feet above the MMU and is concordant with basin axis. An isopach map between the 
MMU and the B37-6 marker is shown in Fig. 73 which in general agrees with the 
structure maps of the MMU and the B37-6 maker. Its isopach shows thick in basin axis 
area and thin in the basin margin area. However, in some areas it varies significantly and 
its elongation is north to south which is parallel to the basin axis. In southern part of the 
Erawan, Satun and Jakrawan fields there are north-south trending narrow channel like 
structures surrounded by green rectangular are seen in Fig. 73. These channel like 
structures suggest some sedimentary anomaly on the MMU surface. 
 
7.2  Model of the MMU formation 
 
There is no model published of the formation of the MMU in the Gulf of Thailand. 
As mentioned previously it is unlikely that the MMU in the Gulf of Thailand was formed 
due to a huge uplift and subsequent erosion related to the Himalayan orogeny. Any 
significant reduction of sediment supply from hinterland of the Himalaya mountain area 
after the MMU may have accelerated transgression because previous sediment supply 
and basin subsidence had been harmonized before the MMU. Although the accurate 
geologic age of the transgression after the MMU is not decided, it is easily understood 
that rapid sediment reduction may have triggered the transgression after the MMU. Of 
course there are some degrees of deformation that is present in the Pattani Trough as 
discussed in Chapter 5. Therefore, some degree of erosion may have occurred. However, 
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based on the two pieces of evidence that the MMU is widespread in the Pattani Trough 
and that marine transgression after the sudden change in sedimentary environment after 
Sequence.4, the marine transgressive erosion model (Fig. 74) is proposed for the main 
mechanism for the MMU formation of the Pattani Trough although more careful 
interpretation is needed. Probably marine invasion would have came from the south 
because isopach between the MMU and the B37-6 marker is gentle in the southern part of 
the Pattani Trough which indicates a coastal plain as shown in the upper illustration in 
Fig. 74. The southern part of the Pattani Trough is close to the Malay Basin which has 
more marine dominated through the geologic time. 
There are some good example of the marine transgrssive erosion in the Western 
Canada where remarkable unconformity in Viking formation of Albian age is identified 
(Walker, 1995). This unconformity is widely distributed over 90,000 squire kilometers 
and is confirmed by more than 10,000 oil and gas wells. This unconformity is considered 
to be formed by transgressive surface of erosion (TSEs). Same type of unconformity is 
also reported by Adriatic Sea in Italia (Trincardi et.al.1994).  
An area of thick isopach between the MMU and the B37-6 is considered to be a 
huge incised valley formed at the Sequence 4 time or early stage of the MMU time. Fig. 
75 and Fig. 76 are shown the incised valley in Kanto area (Matsuda, 1993) formed before 
so called “Jomon kaisin (transgression)” which occurred at approximately 0.15 to 0.05 
Ma. At that time the coastal line was located near Kumagaya City which is 
approximately100 km in land from the present coastal line. 
 
7.3  Additional play concept for oil and gas exploration related to the MMU 
 
As gas reserves found in shallow horizon above the MMU are not significant, to 
date a detailed study has not been carried out. In some areas gas and condensate above 
the MMU are accumulated in the channel sands as shown in Fig. 77 and Fig. 78. Based 
on well data, gas and condensate are pooled in a north-south trending channel filled sand 
with 1,000 m wide. Light yellow fluorescence in a core of the Satun-2 and 64°API 
gravity condensate found in nearby well above the MMU suggest that high mature gas 
and condensate had migrated into shallow gas and condensate reservoirs through faults 
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from deeper area, Sequence 1 and possible Sequence 3. An additional concept for shallow 
hydrocarbons is proposed (Fig. 79).  Key point for this model is the presence of an 
“incised valley” as the main reservoirs and also huge migration path for hydrocarbons. 
Detailed seismic interpretation is needed. 
First exploratory well was drilled in 1971 and more 30 oil and gas fields have been 
discovered and are currently producing. However, more than 300 wells per year are 
drilled to compensate depletion of production because of highly faulted structure. Until 
2011, more than 4,000 wells have been drilled in the Pattani Trough. In other words, 
Pattani Trough can be regarded as mature and new exploration concepts are not easily 
generated at this time. This shallow hydrocarbon concept for exploration and 
development will give a new opportunity not only for the Pattani Trough but also the 
other surrounding basins in the Gulf of Thailand. 
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8?Relationship between sedimentation in the Gulf of Thailand 
and Himalayan Orogeny 
 
 
According to Clift (2006) sediment supply from Himalaya uplift into the Gulf of 
Thailand including the Pattani Trough and the Malay Basin is shown in Fig. 80. As the 
geologic age of the MMU is not, as previously mentioned, accurately determined, this 
sudden decrease of sedimentation pattern could be a cause of the significant change of 
sedimentary environment from continental in Sequence 4 to shallow marine to deltaic 
plain in Sequence 5. Until the end of Sequence 4 continental environment is dominant 
because of the excess of sediment supply over subsidence. However, due to the rapid 
decrease of sediment supply transgression gradually began to invade and the Pattani 
Trough became less continental and more deltaic to shallow marine environment. 
Uplift of the Himalaya as a result of the Himalayan orogeny has impacted the 
sediment supply to the surrounding area in Asia not only for the Gulf of Thailand but also 
India, Indochina including Vietnam and Southern China. 
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9?Conclusions and Recommendation 
 
The conclusions of this research are as follows: 
 
1) Erosion thickness of the Middle Miocene Unconformity (MMU) is estimated to be at 
least 200 to 300 m. 
 
2) Although erosion is one of main parameters for basin modeling to simulate 
hydrocarbon generation, migration and trapping, no study on erosion had been 
previously done. More precise erosion thickness of the MMU has been provided for 
the future basin modeling in the Pattani Trough. 
 
3) Careful consideration for direct application of the Magara method (1978) into the 
Pattani Trough to estimate erosion thickness is needed. Other geological and 
geophysical phenomena are also considered. 
 
4) Marine transgressive erosion rather than erosion at high mountains like Everest in the 
Himalayas was proposed for formation of the MMU. 
 
5) Further collection of the geochemical data and reinterpretation especially source type 
and maturation on oil and gas is recommended to understand  precise hydrocarbon 
generation, expulsion and migration in the Pattani Trough. 
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10.  Expected results for this study 
 
 
1) Erosion thickness of the Sequence 4 at the MMU in the Pattani Trough was obtained 
by this study and more realistic hydrocarbon situation in the surrounding basins can 
be made if new data is obtained. This can reduce investment cost significantly such as 
production platforms, production facilities and storage facility etc. in the future.  
 
2) Shallow gas model associated with the MMU in terms of marine transgressive erosion 
as shown in Fig. 81 will lead to additional exploration and delineation concepts in the 
matured Pattani Trough where more than 4,000 wells have been drilled to date. New 
reserves can be added if small investment is made because most area is covered by 
3D seismic data. More than 4,000 wells and extensive 3D seismic data can predict 
additional prospect and leads. 
 
3) There are some reservations for the direct application of the Magara method to 
estimate erosion thickness in the Pattani Trough as the high heat flow has impacted 
the burial history of shale. Additional application with appropriate adjustments may 
be extended to the other “hot” basins in the South East Asia. 
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Fig. 1  Location map.  
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Fig. 2  Study area (same size of Kanto Area). 
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Fig. 3  Sundaland（modified from Clements et al. 2011）. 
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Fig. 4  Cenozoic sedimentary basins in the South East Asia (Madon, 1999). 
Colors represent different basin types: green-backarc basins, 
grey-interior extentional basins, pink - forearc basins, yellow- 
continental margin basins. 
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Fig. 5  Schematic stratigraphy of the Sundaland (modified from Cole and 
Crittenden, 1997). 
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Fig. 6  Late Oligocene paleogeography of the South China Sea (Worden et 
al. 1997). 
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Fig. 7  Plate tectonic framework of the South East Asia (modified from 
Madon, 1997). 
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Fig. 8  Oil and gas fields in the Pattani Trough (modified from Jardine, 
1997). 
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Fig. 9  West – East geologic cross section of the Pattani Trough. 
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Fig. 9a  North-South geologic cross section of the Pattani Trough.  This 
section is located generally near the basin axis where there are less 
faulted compared to the basin margin. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 - 50 - 
 
Fig. 10  General Stratigraphy in the Pattani Trough (modified from Jardine, 
1997). Geologic markers are also shown in the right corner. It is 
noted that the MMU (Middle Miocene Unconformity) is located 
on the top of the Sequence 4. 
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Fig. 11  Geologic cross section through the Pattani Trough. Location is 
shown in Fig. 9. 
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Fig. 12  Mud log of the Erawan-1 well near the MMU. It is noted that 
strong contrast on shale color at the MMU (Middle Miocene Unconformity ) 
is commonly identified. Also drilling rate ( minutes per one foot) decreases  
when we penetrate into the Sequence 4 after the the MMU.  
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Fig. 13  Microfossils & environments in the Gulf of Thailand (Erawan-1) 
(Fujiwara, 2011). 
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Fig. 14  Well locations for the well velocity data, compressed E-log and 
dipmeter. 
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Fig. 15  Interval velocity of the Erawan-1 well (Fujiwara, 2011). 
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Fig. 16  Compressed electrical log curves of the Erawan 12-10 well.  It is 
noted that rapid shift on sonic velocity in the right column in green 
color is clearly seen around the MMU (Middle Miocene 
Unconformity). Location of the Erawan 12-10 well is shown in Fig. 
14. 
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Fig. 17  Dipmeter of the Satun-3 well.  It is noted that structural dip is 
indicated in green. Structural dip is 2 to 4 degrees above the MMU 
and 4 degrees below the MMU. These formation dips are in 
general agreement with the seismic section shown in Fig. 18. 
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Fig. 18  2D Seismic section through the Satun-3 well.  Gentle formation 
dips are seen above and below the MMU as indicated by the 
dipmeter shown in Fig. 17. 
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Fig. 19  Location map of the seismic sections.  Five west – east 3 
dimension seismic sections were selected for five fields, namely 
from north to south , North Satun (Pladang)( A), Trat (B), Satun 
(C), Erawan (D) and Baanpot (E) fields. 
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Fig. 20  Original structure of the Erawan gas field.  The Middle Miocene 
Unconformity (MMU) and C61-3 geologic marker is indicated in 
red and light blue respectively. Many faults are seen in the section. 
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Fig. 20a  Enlarged seismic anomalies in Sequence 4 in the Erawan field. 
These anomalies are identified to be channel sandstones by the 
extensive 3 dimensional seismic data and drilling results.. 
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Fig. 20b  Reconstructed structure of the Erawan gas field (Fujiwara, 2011).  
Each fault was separated by scissors and adjusted at the MMU 
datum (in red line) with rotation. No time – depth conversion was 
made for this reconstruction. Dotted dark blue immediately 
below the MMU shows the reconstructed structure and the 
rectangular on both sides represents the missed section (erosion 
thickness). 600 feet and 1,000 feet of the missing section on both 
sides of the Erawan field was obtained. 
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Fig. 21  Reconstructed structure of the Satun gas field (Fujiwara, 2011).  
600 feet and 1,150 feet of the missing section on both sides was 
obtained. 
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Fig. 22  Reconstructed structure of the Pladang gas field.  1,400 feet and 
600 feet of the missing section on both sides was obtained.  
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Fig. 23  Reconstructed structure of the Baanpot gas field.  600 feet and 
900 feet of the missing section on both sides was obtained.  
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Fig. 24  Reconstructed structure of the Trat gas field.  650 feet and 450 
feet of the missing section on both sides was obtained.  
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Fig. 25  Schematic illustration of Schlumberger’s BHC (borehole 
compensated ) sonic tool (after Schlumberger, 1989).  This 
illustration shows ray paths for the two transmitter – receiver sets. 
Averaging the two ∆t measurements cancels errors due to sonde 
tilt and hole size changes. 
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Fig. 26  Estimation of eroded thickness from sonic log (modified from 
Magara, 1987).  Sedimentation, uplift and new sedimentaion 
process is illustrated from the left to the right. Erosion thickness is 
obtained by a + b.  
a : height above sea level which is crosspoint of NCT (Normal 
Compaction Trend) of formation below MMU with ?t 
200µsec / foot, 
b: new sediments, namely depth of MMU 
It is noted that during sedimentation ?t value is almost 200µsec / 
foot which is almost equivalent to water velocity. 
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Fig. 27  Location of the 122 study wells of the 13 oil and gas fields in the 
Pattani Trough for shale compaction using sonic log. 
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Fig. 28  Electrical log of the Erawan 12-15 well.  Shale zones are selected 
based on high GR (gamma ray), low resistivity (Rt) and wide 
separation between high Neutron porosity (ØN) and high density 
(ρb). 
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Fig. 29  Electrical log of well (GR-Rt-Sonic).  It is noted that although 
shale zones     
are selected by the above mentioned criteria (shown in Fig. 28), ?t 
values are not always constant for the selected interval. Therefore 
an average on 
 ?t value is chosen.  
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Fig. 30  ∆t shale plot of the Erawan field (Fujiwara, 2011).  There are 
three trends, A, B and C. Normal compaction trend for the 
Sequence 4 (B) is drawn as a straight line in red. Intersection of 
this line at the surface (sea surface) is less than 200 µsec / foot 
and suggests some erosion was occurred. Trend A is not 
extended from the trend B. Trend C is also not extended from 
the trend B. 
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Fig. 30a  Estimated erosion thickness of the Erawan Field based on ∆t 
shale method (Fujiwara, 2011).  In this case erosion thickness is 
estimated to be 6,390 feet (a + b = 2,000 feet + 4,390 feet). 
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Fig. 31  ∆t shale plot of the Baanpot field (Fujiwara, 2011).  Erosion 
thickness is estimated to be 6,539 feet. 
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Fig. 32  ∆t shale plot of the Satun field (Fujiwara, 2011).  In this case 
erosion thickness is estimated to be 6,980 feet. 
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Fig. 33  ∆t shale plot of the Jakrawan field (Fujiwara, 2011).  Erosion 
thickness is estimated to be 6,840 feet. 
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Fig. 34  ∆t shale plot of the Funan field (Fujiwara, 2011).  Erosion 
thickness is estimated to be 6,656 feet. 
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Fig. 35  ∆t shale plot of the Gomin field (Fujiwara, 2011).  Erosion 
thickness is estimated to be 6,540 feet. 
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Fig. 36  ∆t shale plot of theTrat field.  Erosion thickness is estimated to be 
10,245 feet. 
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Fig. 37  ∆t shale plot of the Pakarang field.  Erosion thickness is estimated 
to be 7,551 feet. 
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Fig. 38  ∆t shale plot of the Platong field.  Erosion thickness is estimated 
to be 8,309 feet. 
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Fig. 39  ∆t shale plot of the Plamuk field.  Erosion thickness is estimated 
to be 5,329 feet. 
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Fig. 40  ∆t shale plot of the Surat field.  Erosion thickness is estimated to 
be 4,947 feet. Dual compaction trends are identified due to the 
probable different compaction history.  
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Fig. 41  ∆t shale plot of the Kaphong field.  Erosion thickness is estimated 
to be 6,980 feet. 
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Fig. 42  ∆t shale plot of the Pladang field.  Erosion thickness is estimated 
to be 10,307 feet. 
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Fig. 43  Different compaction trends for Sequence 4 and 5 in the Erawan 
field (Fujiwara, 2011).  
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Fig. 44  Strike-slip faults and sedimentary basins in the Gulf of Thailand 
(Paditan and Dook, 1992). 
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Fig. 45  CO2 study area in the Platong Field (Sasaki, 1986 and Fujiwara, 
Yamada and Sasaki, 2008 ). 
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Fig. 46  Areal distribution of CO2 in the Platong Field (Sasaki,1986 and 
Fujiwara, Yamada and Sasaki, 2008).  CO2 is concentrated in the 
north western part of the Platong field, maximum percent of which 
is more than 90%. 
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Fig. 47  Neutron / Density crossplot for the normal and anomalous high 
CO2 wells (Sasaki, 1986).  Shale density in the high CO2 zones 
(in black) is clearly heavier than that in the low CO2 zones (in red). 
High CO2 zones are considered to be flushed by hydrothermal 
water derived from deeper part of the basin. 
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Fig. 48  CO2 model for the Platong Gas Field (Sasaki, 1986).  Three types 
of CO2 in origin are illustrated. High content of CO2 in reservoirs 
are considered to have been flushed by hydrothermal water (Type 
B). On the other hand low CO2 gas is generated from kerogen 
(Type B). High CO2 in magmatic origin (Type C) is not clear in 
the Platong area because of lacking of isotopic analytic data on 
carbons. 
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Fig. 49  Location of the seven wells for mud log study. 
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Fig. 50  Mud log of the Erawan-1 well.  Characteristics of shale, such as 
color, hardness and calcareous content are summarized based on 
the cuttings description made by mud log logger. In addition to 
shale description, thin limestone / dolomite layers are also shown 
in light blue circles. Shale in Sequence 4 is calcareous in general. 
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Fig. 51  Mud log of the Erawan I - 11 well.  In this well, shale in 
Sequence 4 is non-slightly calcareous. This results are not same as 
Erawan-1 well. However, shale of the Sequence 4 clearly becomes 
harder than that of the Sequence 5.  
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Fig. 52  Mud log of the Erawan 12-30 well.  In this well high calcium 
concentration is not clearly seen although data quality (description 
made by mud-logger) is not high. 
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Fig. 53  Mud log of the Satun-2 well.  Shale in the Sequence 4 is 
non-calcareous although limestone/ dolomite thin layers are 
identified. 
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Fig. 54  Mud log of the Satun-3 well.  Shale in the Sequence 4 is 
non-slight calcareous. Only one limestone/dolomite thin layer is 
identified. 
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Fig. 55  Mud log of the Pladang-1 well.  Shale in the Sequence 4 is 
non-calcareous. 
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Fig. 56  Mud log of the Jakrawan - 3 well.  Shale in the Sequence 4 is 
non-calcareous except for the top hundred feet of the Sequence 4. 
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Fig. 57  Schematic chemical compaction in mudstones (modified from 
Bjorlykke, 1999).  Chemical compaction due to clay diagenesis 
from smectite to illite through mixed layer minerals is illustrated 
under increasing formation temperature. 
 
 
 
 - 101 - 
 
 
Fig. 58  Temperature gradient in the southern Pattani Trough.  
Temperature gradient is calculated based on the bottom hole 
temperature (BHT) measured by electrical logging tool with an 
assumption of 20°C (68°F) at sea bottom. It is noted that since 
BHT is not static, real temperature gradient is higher than these 
results. Average temperature gradient for the 74 wells is 2.74 °F / 
100 feet (4.99°C / 100m) and formation depth at 100°C is 5,255 
feet (1,602m) in average. Since depth of the MMU (Middle 
Miocene Unconformity) is ranging from 3,630 feet to 5,234 feet, 
clay diagenesis from smectite to illite may have almost completed 
below the MMU section (Sequence 4) when we consider that these 
measured BHT are not static.  
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Fig. 59  Geothermal gradient map of Southeast Asia (modified from 
SEAPEX and IPA, 1977). 
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Fig. 60  Location of the study wells for NGT log in the southern Pattani 
Trough. 
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Fig. 61  Pottasium-Thorium relationship of shales in the Surat-6 well. 
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Fig. 62  Pottasium-Thorium relationship of the shales in the Jakrawan-3 
well. 
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Fig. 62a  FDC-CNL cross plot of the Erawan 12-10 well. 
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Fig. 63  Schematic cross section of hydrocarbon habitat in the central 
Pattani Trough (modified from Minezaki and Moriyama, 2002). 
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Fig. 63a  Source facies hydrocarbon yield in the Pattani Trough (Jardine, 
1997). 
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Fig. 63b  Summary of Minezaki and Moriyama (2002) and Jardine’s 
studies on the basin modeling of the Pattani Trough. 
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Fig. 64  Location map of the basin modeling location. 
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Fig. 65  Modeling points in the Jakrawan field (Point A).  Point A is 
located at the deepest part of the the Pattani Trough. 
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Fig. 66  Burial history at Point A.  
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Fig. 67  Hydrocarbon generation curve for Sequence.1 (Point A). 
300 m erosion at the MMU is assumed. 
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Fig. 68  Hydrocarbon generation curve for Sequence 3 (Point A). 
300 m erosion at the MMU is assumed. 
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Fig. 68a  Hydrocarbon generation curve for Sequence 1 (Point A). 1,000 m 
erosion at the MMU is assumed.  Hydrocarbon generation from 
Sequence 1, lacustrine source rock is same as the 300m erosion 
case shown in Fig. 67. Hydrocarbons from Sequence 1 has 
already expelled and no effect on the erosion occurred at the 
MMU. 
 
 
 
 
 
 
 
 
 
 
 
 
 - 116 - 
 
 
 
 
Fig. 68b  Hydrocarbon generation curve for Sequence 3 (Point A). 1,000 m 
erosion at the MMU is assumed.  Hydrocarbon from Sequence 3 
began to generate at 15Ma and were suppressed during 13 Ma to 
8 Ma by the erosion. Hydrocarbon expulsion was stopped 
immediately after the start of hydrocarbon expulsion at 13Ma and 
resumed at 8 Ma due to the increased overburden. At present gas 
expulsion is still increasing. 
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Fig. 69  Pr / Ph (Pristane / Phytane) ratio v.s. δ13C plot of oil in the Pattani 
Trough.  Data sourcese are Jardine,1997 and Minizaki and 
Moriyama, 2002. 
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Fig. 70  δ13C methane and δ13C ethane in the Pattani Trough.  Three 
groups can be divided, namely Group 1, 2 and 3. 
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Fig. 70a  C1 / (C2 + C3) ratio v.s. δ13C methane  
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Fig. 71  Depth contour map of the Middle Miocene Unconformity (MMU).  
Thick area is located near the basin axis of the Pattani Trough. 
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Fig. 72  Depth contour map of the B37-6 marker.  The B37-6 marker is 
approximately located 250 to 500 feet above the MMU (Middle 
Miocene Unconformity). Generally thick area is located near the 
basin axis. This tendancy is similar to that of the MMU as shown 
in Fig. 71. 
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Fig. 73  Isopach map of the B37-6 – MMU interval.  Isopach is in general 
ranging from 250 to 500 feet. However, it is more thick in some of 
areas marked by green rectangular in which incised valleys are 
presumably interpreted.   
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Fig. 73a  Possible incised valley in the Jakrawan field. It is approximately 2 
to 3 km wide and elongates north to south direction. 
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Fig. 74  Transgressive erosion model for MMU in the Gulf of Thailand.  
Incised valley was formed before the MMU (Middle Miocene 
Unconformity) and later was filled with sediments supported by 
surrounding area during the transgression. It is noted that some of 
sediments around the incised valley was eroded by wave action 
during the transgression. 
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Fig. 75  Paleo-incised valley near Tokyo Bay (modified from 
Matsuda,1993).  Paleogeography shows land (orange) and incised 
valley. Incised valley is shown in Fig. 76.  Present coastal line is 
indicated by solid line. 
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Fig. 76  Geologic cross section (B - B) (modified from Matsuda, 1993).  
Incised valley is clearly seen with 4 to 5 km wide and 30 to 40 m 
deep (yellow color).  
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Fig. 77  Shallow gas reservoir sand and its isopach in the Satun Field.  
This sandstone is approximately 1 to 1.5 km wide and elongates to 
the north. Section of this sandstone is shown in Fig. 78. 
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Fig. 78  Gas bearing channel sandstone above the MMU (Middle Miocene 
Unconformity) in the Satun Field.  Stacked sandstones with thin 
shale layer will be deposited probably in the incised valley. 28 feet 
and 20 feet gas are trapped on the top of reservoir in the A2 and 
A8 wells respectively. These gases are migrated through faults 
from source rocks located below the MMU (Middle Miocene 
Unconformity). 
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Fig. 79  Hydrocarbon accumulation model for shallow reservoirs.  High 
API gravity (high maturity) condensate and gas are identified in 
the Satun field as shown in Fig. 77 and 78. Hydrocarbons trapped 
in the shallow reservoirs are considered to be migrated through 
faults and possible incised valleys located on the MMU (Middle 
Miocene Unconformity). 
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Fig. 80  Sediment budget for the Gulf of Thailand (modified from Clift, 
2006).  It is noted that sedimentation rate suddenly dropped at 12 
Ma which is probably equal to the MMU (Middle Miocene 
Unconformity). 
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Fig. 81  Conceptual exploration model for shallow hydrocarbon pools 
above the MMU (Middle Miocene Unconformity).  It is noted 
that stratigraphic play will be expected in a monocline area where 
there is almost no wells drilled before because most hydrocarbons 
are commonly found in the combination trap with fault in the 
Pattani Trough. 
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Table 1  Simplified Mud Log Description of Erawan-1 (12-1) Well
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Seuence Sand/SandstoneClay/Claystone
Lithology
Field
Erawan Erawan 12-1
Kaphong Kaphong-1 Kaphong-2 Kaphong-3Kaphong-4
Platong Platong-1 Platong-2
Satun Satun-3 Satun-8
Satun-A3 Satun-C3 Satun-C4 Satun-D1 Satun-D8 Satun-D10
Dara Dara-4
Baanpot Baanpot-6
Funan Funan-1
Jakrawan Jakrawan-2
Insea Insea-1
Other B1-1
Table 2 Well Velocity Survey in the Gulf of Thailand 
Well Name
Name No.of well location at basin
(feet) (range,feet) μ sec （feet)
Erawan 20 3672-4417 745 150 6390 Western margin
Baanpot 12 4539-4692 153 140 6540 Basin Center
Satun 15 4686-5234 548 150 6980 Near Basin Center (West wing)
Jakrawan 7 4802-5140 338 160 6840 Near Basin Center (East wing)
Funan 12 4103-4925 822 140 6656 Eastern wing
Gomin 5 4040-4456 416 140 6540 Basin margin
Trat 13 4763-5058 295 130 10245 Near Basin Center (East wing)
Pakarang 8 3724-4251 527 140 7551 Basin margin
Platong 10 3801-4801 1,000 130 8309 Near Basin Center (West wing)
Plamuk 2 3890-4129 239 160 5329 Different sub-basin
Surat 5 3630-3747 117 160 4947 Basement high
Kaphong 5 4019-4518 499 140 9508 Near Basin Center (West wing)
Pladang 8 4375-4975 600 130 10307 Near Basin Center (West wing)
Total 122 Average 7396
Table 3  Normal Compaction Trend (NCT) of the 13  Fields
Depth of MMU
DT Value
at Surface
Erosion
Thicknee
from NCT
Field Well Name KB Temp. Temp. MMU
TMD TVD SS （°Ｆ） （°C） Color 68°F 20°C （°F/100') （°C/100m) meters feet feet
Baanpot Baanpot-1 31 11075 11075 11044 305 152 Green 2.15 3.91 2045 6710 4539
Baanpot-2 31 10882 10882 10851 320 160 Green 2.32 4.23 1890 6201
Baanpot-5 50 9030 9030 8980 297 147 Yellow 2.55 4.65 1721 5647 4541
Baanpot-10 50 10702 8574 8524 316 158 Orange 2.91 5.30 1509 4949 4692
Baanpot-11 50 9698 9698 9648 347 175 Yellow 2.89 5.27 1518 4980 4635
Baanpot-12 65 12400 8655 8590 347 175 Orange 3.25 5.92 1351 4434 4558
Funan Funan-7 50 12314 8962 8912 290 143 Yellow 2.49 4.54 1762 5781 NA
Funan-15 65 12495 9013 8948 358 181 Orange 3.24 5.91 1354 4443 4300
Funan-16 65 10655 9080 9015 338 170 Orange 3.00 5.46 1465 4808 4490
Funan-17 65 11827 8573 8508 310 154 Yellow 2.84 5.18 1543 5063 4837
Funan-18 65 12740 8210 8145 290 143 Yellow 2.73 4.97 1610 5283 4838
Funan-25 90 10771 8999 8909 352 178 Orange 3.19 5.81 1377 4517 4549
Funan-26 90 9415 7941 7851 322 161 Orange 3.24 5.90 1357 4451 5672
Jakrawan Jakrawan-1 31 9461 9461 9430 286 141 Green 2.31 4.21 1899 6229 5109
Jakrawan-2 35 8002 8002 7967 304 151 Orange 2.96 5.40 1482 4861 5125
Jakrawan-3 50 9762 8675 8625 332 167 Orange 3.06 5.58 1434 4705 5012
Jakrawan-4 65 11239 9158 9093 332 167 Yellow 2.90 5.29 1512 4960 NA
Dara Dara-2(12-3) 31 7866 7866 7835 270 132 Yellow 2.58 4.70 1702 5585 NA
Dara-3(12-4) 42 8248 8248 8206 285 141 Yellow 2.64 4.82 1660 5446 NA
Dara-4 50 8427 8427 8377 280 138 Yellow 2.53 4.61 1734 5690 NA
Dara-5 98 10700 9326 9228 336 169 Yellow 2.90 5.29 1511 4958 NA
Satun Satun-1 50 9539 9539 9489 274 134 Green 2.17 3.96 2022 6633 5180
Satun-2 50 9125 9125 9075 309 154 Yellow 2.66 4.84 1653 5422 4930
Satun-3 50 9002 9002 8952 309 154 Yellow 2.69 4.91 1630 5349 5030
Satun-4 50 9000 9000 8950 310 154 Yellow 2.70 4.93 1623 5326 5240
Satun-6(B-1) 50 9060 9060 9010 304 151 Yellow 2.62 4.77 1676 5498 4840
Satun-8(E-1) 50 9000 9000 8950 315 157 Yellow 2.76 5.03 1590 5218 4970
Satun-12(I-1) 50 9860 9555 9505 321 161 Yellow 2.66 4.85 1649 5410 5234
Satun-14 50 12100 9552 9502 328 164 Yellow 2.74 4.99 1604 5263 5048
Satun-18(J-1) 50 9824 9292 9242 325 163 Yellow 2.78 5.07 1578 5178 4732
Satun-24(J-2) 50 9153 9153 9103 315 157 Yellow 2.71 4.95 1618 5307 4686
Pladang Pladang-1 50 9000 9000 8950 305 152 Yellow 2.65 4.83 1658 5438 4770
Pladang-2 35 8995 8995 8960 310 154 Yellow 2.70 4.92 1625 5332 4605
Pladang-3 35 9000 9000 8965 280 138 Green 2.36 4.31 1856 6090 4975
Pladang-4 50 9010 9010 8960 314 157 Yellow 2.75 5.00 1599 5245 4630
Pladang-5 50 9000 9000 8950 300 149 Yellow 2.59 4.72 1693 5555 4375
Pladang-8 65 10040 8968 8903 329 165 Orange 2.93 5.34 1497 4912 4798
Platong Platong-1 31 9159 9159 9128 279 137 Green 2.31 4.21 1899 6230 4309
Platong-2 50 9135 9135 9085 338 170 Orange 2.97 5.42 1477 4845 4530
Platong-3 50 9007 9007 8957 329 165 Orange 2.91 5.31 1506 4942 NA
Platong-4 50 8800 8800 8750 279 137 Yellow 2.41 4.40 1820 5972 4720
Platong-5 50 9068 9068 9018 289 143 Yellow 2.45 4.47 1791 5876 NA
Platong-11(E1) 50 12370 10010 9960 359 182 Orange 2.92 5.33 1502 4929 NA
Platong-12(E2) 50 11500 9830 9780 318 159 Yellow 2.56 4.66 1717 5633 4790
Platong-13 50 11320 8802 8752 330 166 Orange 2.99 5.46 1466 4810 4439
West Dara W.Dara-1 65 10886 8991 8926 338 170 Orange 3.02 5.51 1451 4761 NA
W.Dara-2 90 10242 9269 9179 338 170 Orange 2.94 5.36 1492 4896 NA
Erawan E12-5 42 9426 9426 9384 295 146 Yellow 2.42 4.41 1814 5953 4284
E12-6 42 9030 9030 8988 272 133 Green 2.27 4.14 1934 6345 4302
E12-7 51 9165 9165 9114 325 163 Yellow 2.82 5.14 1557 5107 4358
E12-8 51 9466 9466 9415 325 163 Yellow 2.73 4.98 1608 5275 4417
Remark
Table 4  Bottom Hole Temperature and Temperature Gradient in the Pattani Trough
5.44
4.76
Temp. Gradient
4.88
5.12
Depth @100°C
4.86
2.65
Depth
2.81
4.91
2.66
4.86
2.68
Surface Temp.
4.83
2.96 5.40
2.61
2.98
2.69
2.66
E12-9 51 9607 9607 9556 322 161 Yellow 2.66 4.84 1651 5418 4360
E12-10 50 9165 9165 9115 320 160 Yellow 2.76 5.04 1588 5209 4036
E12-11 50 9014 9014 8964 285 141 Yellow 2.42 4.41 1813 5949 4147
E12-13 35 8000 8000 7965 304 151 Orange 2.96 5.40 1481 4860 4365
E12-14 35 8068 8068 8033 274 134 Yellow 2.56 4.67 1712 5615 4331
E12-15 35 8000 8000 7965 270 132 Yellow 2.54 4.62 1731 5678 3923
E12-16 50 8000 8000 7950 266 130 Yellow 2.49 4.54 1762 5782 4330
Erawan I-11 86 10495 8965 8879 311 155 Yellow 2.74 4.99 1604 5262 4007
E12-30 50 9503 8895 8845 293 145 Yellow 2.54 4.64 1725 5661 3673
E12-38 50 9465 8888 8838 304 151 Yellow 2.67 4.87 1644 5393 NA
Trat Trat-1 35 7814 7779 7744 268 131 Yellow 2.58 4.71 1699 5576 4945
Trat-2 50 11917 9459 9409 320 160 Yellow 2.68 4.88 1639 5377 4950
Trat-3 65 11585 9186 9121 320 160 Yellow 2.76 5.04 1589 5212 4928
Trat-4 65 11578 9512 9447 362 183 Orange 3.11 5.67 1410 4627 4817
Trat-5 65 11654 8150 8085 322 161 Orange 3.14 5.73 1397 4584 4763
Trat-6 65 12345 9750 9685 352 178 Orange 2.93 5.34 1497 4911 4828
Trat-7 65 11271 9505 9440 341 172 Yellow 2.89 5.27 1518 4979 4780
Trat-8 65 12750 9564 9499 328 164 Yellow 2.74 4.99 1604 5261 4998
Trat-9 65 11730 9734 9669 340 171 Yellow 2.81 5.13 1560 5119 4978
Trat-10 65 11700 9953 9888 360 182 Orange 2.95 5.38 1486 4876 4992
Trat-11 65 9840 9011 8946 322 161 Yellow 2.84 5.18 1546 5072 5058
Trat-12 65 10405 8772 8707 320 160 Yellow 2.89 5.28 1517 4975 4812
Trat-13 65 10389 8391 8326 335 168 Orange 3.21 5.84 1369 4490 4892
Average 2.74 4.99 1602 5255
Surat
2.31 (North Surat  ：
5wells）
Pakarang
2.31 (North Surat ：
5wells）
2.58 (Platong C
platform）
4.76
Plamuk
2.61
2.89 5.26
Thickness
(m) I II III
1400 Seq. 5
1000 Seq. 4 13.8 SST: 5-25, Shale: 70-80, Sltste: 5-10 0.3-1.0 10 0 90
850 Seq. 3 17 SST: 5-20, Shale: 70-80, Sltste: 5-10 0.8-3.0 10 0 90
3850 Seq. 2 25.5 SST: 5-20, Shale: 70-80, Sltste: 5-10 0.4-1.5 10 15 0 85-90
2150 Seq. 1 35 SST: 5-20, Shale: 70-80, Sltste: 5-10 0-2.0 70 0 30
Thickness
(m) I II III
1400 Seq. 5
1000 Seq. 4 13.8 SST: 5-25, Shale: 70-80, Sltste: 5-10 0.3-1.0 10 0 90
700 Seq. 3 17 SST: 5-20, Shale: 70-80, Sltste: 5-10 0.8-3.0 10 0 90
3650 Seq. 2 25.5 SST: 5-20, Shale: 70-80, Sltste: 5-10 0.4-1.5 10 15 0 85-90
3100 Seq. 1 35 SST: 5-20, Shale: 70-80, Sltste: 5-10 0-2.0 70 0 30
Marker Top Depth
(m) Sequence Begin Age Lithology (%) TOC
I II III
Seq. 5
MMU 1610 Seq. 4 13.8 SST: 20, Shale: 70, Sltst: 10 1 10 0 90
C61-3 2700 Seq. 3 17 SST: 30, Shale: 60, Sltst: 10 5 10 0 90
K83-5 4080 Seq. 2 25.5 SST: 20, Shale: 80, Sltst: 0 0.5 15 0 85
Top Seq.1 8560 Seq. 1 35 SST: 30, Shale: 60, Sltst: 10 2 70 0 30
BSMNT 9700
Korogen Type (%)
Remark : 1.6-1.8 HFU
Remark : 1.6-1.8 HFU
Sequence
Table 5  Parameters of basin modeling in the Pattanii Trough
Line A-A' (Northern Area: Surat-Platong-Kaphong)
2D Baisn Modeling Parameter (Minezaki and Moriyama, 2002)
Korogen Type (%)
TOCLithology (%)
Begin Age Lithology (%) TOC
Korogen Type (%)
Remark : 1.7 HFU
Sequence
Line B-B' (Southern Area:Dara-Erawan-Jakrawan-Funan)
2D Baisn Modeling Parameter (Minezaki and Moriyama, 2002)
Begin Age
1D Baisn Modeling Parameter at Location A , Jakrawan (Fujiwara, 2012)
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Appendix 1. Marker depth (B37-6, MMU and C61-3 markers) 
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Appendix 2.  ∆t shale plot for each well (122 wells) 
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